Low-level jet climatologes for northern and southern Germany from SODAR and RASS measurements by Emeis, S. & Helgert, S.
KIT – University of the State of Baden-Wuerttemberg and  
National Research Center of the Helmholtz Association 
INSTITUTE OF METEOROLOGY AND CLIMATE RESEARCH, Atmospheric Environmental Research 
www.kit.edu 
Low-level Jet Climatologies for Northern and 
Southern Germany from SODAR and RASS 
Measurements 
Stefan Emeis, Sophia Helgert 
stefan.emeis@kit.edu 
Institute for Meteorology and Climate Research – 
Atmospheric Environmental Research 
2 Prof. Dr. Stefan Emeis | Low-level jets 19.05.2015 
1 Introduction to low-level jets 
 
 
2 Sodar observations in Northern Germany 
 
 
3 RASS observations in Southern Germany 
 
 
4 uncommon LLJ 
Institute for Meteorology and Climate Research – 
Atmospheric Environmental Research 
3 Prof. Dr. Stefan Emeis | Low-level jets 19.05.2015 
daytime night 
LLJ 
Sodar observations 
monthly mean vertical wind profiles 
August 2002, 17 nights with LLJ 
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Sodar observation of a low-level jet 
             vertical wind profiles (30 min mean)  
 26 June 2005   23-30 June 2005 
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2 Sodar observations Hannover 
 
 
3 RASS observations Augsburg 
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SODAR 
SODAR-RASS 
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frequency of LLJ over Hannover 
for 20 months in the years 
2001 to 2003 
 
roughly 22 % of all nights 
 
over Augsburg in the years  
2008-2010, 2014 
 
roughly 17,5 % of all nights 
Circulation types: 
 
BM bridge Central Europe 
HB high Brit. Isles 
HM high Central Europe 
... 
 
HFA/HFZ high Scandinavia 
HNFA  high Northern Atlantic  
... 
19.05.2015 
Institute for Meteorology and Climate Research – 
Atmospheric Environmental Research 
10 
0,0
0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9
1,0
B
M
H
M
T
R
W
W
Z
H
F
A
S
W
Z
N
E
Z
W
A
T
R
M
N
W
Z
N
W
A
H
N
A
H
F
Z
W
S
H
N
F
Z
S
Z
H
N
Z
H
N
F
A
N
E
A
N
A
W
W S
A
T
M
H
B
S
E
A
S
E
Z
S
W
A
N
Z
T
B
L
L
J
 e
ff
ic
ie
n
c
y
 c
ir
c
u
la
ti
o
n
 t
y
p
e
 
"Grosswetterlagen" (European circulation type) 
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“effectivity” for forming a 
low-level jet 
 
top: Hannover 
bottom: Augsburg 
19.05.2015 
Circulation types: 
 
BM bridge Central Europe 
HB high Brit. Isles 
HM high Central Europe 
... 
 
HFA/HFZ high Scandinavia 
HNFA  high Northern Atlantic  
... 
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maximum core wind speed of LLJ and driving pressure gradient 
(blue symbols: LLJ core speed more than 1.5 times 850 hPa wind speed) 
y = 0,38x + 10,132 
R² = 0,2387 
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y = 0,2648x + 9,7741 
R² = 0,0725 
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LLJ core height in m and LLJ core wind speed in m/s 
shear = 0.1 1/s shear = 0.05 1/s shear = 0.02 1/s 
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Critical Richardson number is limiting condition for vertical shear 
 
      (mechanical turbulence is generated if Ri falls below Rikrit) 
 
𝑅𝑖𝑘𝑟𝑖𝑡 =
𝑔Θ/𝑧
Θ(𝑢/𝑧)²
  0.25  
 
 
 (z) potential temperature 
g gravitational acceleration 
u (z) wind speed 
z vertical coordinate 
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RASS observations Augsburg 
 
correlation between shear and temperature gradient 
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RASS observations Augsburg 
 
Richardson number during LLJ events 
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RASS observations Augsburg 
 
critical Richardson Number 
between 40 and 200 m above ground  
as limiting value 
for nocturnal LLJ 
temperature 
wind speed 
Ri 
Institute for Meteorology and Climate Research – 
Atmospheric Environmental Research 
17 Prof. Dr. Stefan Emeis | Low-level jets 19.05.2015 
maximum possible shear for a given Rikrit = 0.25 
mechanical  
turbulence  
generated 
turbulence  
dying out 
𝑅𝑖𝑘𝑟𝑖𝑡 =
𝑔Θ/𝑧
Θ(𝑢/𝑧)²
  0.25  
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4 uncommon LLJ 
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wind 
wind 
direction 
potential 
temperature 
w 
RASS observations Augsburg, 23 May 2010 
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        Summary 
climatology 
- LLJ in 17 - 21% of all nights (in de Bilt about 20%, de Baas et al. 2009) 
- uncommon LLJ in 2 – 3 % of all nights (requires complex terrain) 
- core height between 135 and 650 m  
- core wind speed between 7 and 23 m/s (height and speed correlated  shear limited) 
 
correlation with driving forces 
- LLJ form for 850 hPa wind speeds between 1 and 18 m/s (Kottmeier et al. 1983: 6-11 m/s) 
- LLJ core speed positively correlated with 850 hPa wind speed (maximum at 13 m/s) 
- LLJ core speed slightly negatively correlated with 850 hPa relative humidity 
 
shear 
- shear is limited by critical Richardson number 
 
impact on wind turbines 
- shear over the rotor plane is about 0.04 to 0.08 1/s during LLJ events 
- directional shear is about 0.1 to 0.2 degrees/m 
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